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SPECIFICATION 



Electrophoretic Display Device, and Manufacturing Method Thereof 
2. Claims 

(1) An electrophoretic display device, wherein a disperse system containing 
electrophoretic particles is sealed between a set of opposing electrode plates at least one of which 
is transparent, and the optical reflection characteristics thereof are modified and the desired 
display operation is enabled by changing the distribution state of the electrophoretic particles in 
the disperse system under the action of a display control voltage applied between the electrode 
plates, said electrophoretic display device being characterized in that an elastic porous spacer 
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interposed between the electrode plates is provided as a means for dividing the disperse system 
in a discontinuous manner, one of the opposing electrode plates is composed of a flexible sheet, 
and the other electrode plate is composed of a rigid body. 

(2) The electrophoretic display device according to claim (1), wherein the substrate of the 
flexible electrode plate is composed of a film member, and the substrate of the rigid electrode 
plate is composed of a transparent glass plate. 

(3) The electrophoretic display device according to claim (1) or (2), wherein the elastic 
porous spacer has a portion that allows the spacer to be bonded and affixed to the two electrode 
plates along the peripheral edge thereof. 

(4) A method for manufacturing an electrophoretic display device, characterized in that a 
flexible electrode plate and a transparent rigid electrode plate obtained by forming the desired 
electrode pattern on one side of a film member and transparent glass plate, respectively, are 
prepared; a disperse system containing dispersed electrophoretic particles is fed in excess to a 
flexible porous spacer disposed on that electrode pattern side of the rigid electrode plate; the 
flexible electrode plate is mounted on the elastic porous spacer such that the electrode pattern 
thereof faces the electrode pattern on the rigid electrode plate; a pressure member is mounted on 
the top surface of the flexible electrode plate; the flexible electrode plate is brought into close 
contact with the elastic porous spacer to force out excess disperse system; and the elastic porous 
spacer is compressed to seal the disperse system in the pores thereof and to keep the sealed 
disperse system in a state of negative pressure by the restoring force of the elastic porous spacer. 

(5) The method for manufacturing an electrophoretic display device according to 
claim (4), wherein at least one of gas, liquid, and solid is used as the pressure member or 
pressure application means. 

(6) The method for manufacturing an electrophoretic display device according to 
claim (4) or (5), wherein the peripheral edge region of the elastic porous spacer is provided with 
a portion that allows the spacer to be bonded and affixed to the flexible electrode plate. 
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3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to a display device featuring electrophoretic particles, 
wherein this electrophoretic display device is configured such that a disperse system can be 
securely sealed in the pores of an elastic porous spacer used to divide the disperse system into a 
discontinuous phase among cells by the use of a flexible substrate composed of a resin film or 
the like for one of the electrode plates; and also relates to a manufacturing method thereof. 

(Prior Art) 

An electrophoretic display device featuring such electrophoretic particles comprises two 
transparent glass plates 1 and 3 on which display electrode patterns 2 and 4 are separately formed 
on the facing surfaces thereof from tin/indium oxide or another transparent electrode member, 
and further comprises a sealing member 5 disposed on the external periphery thereof, wherein 
this sealing member is additionally provided with spacer functions and is used to seal a disperse 
system 7 (obtained by dispersing electrophoretic particles 6 in a liquid dispersion medium) in the 
gap between the facing surfaces, as shown in Fig. 3. In the electrophoretic display device thus 
configured, the optical characteristics of the disperse system 7 are modified and the desired 
display operation (displaying characters, symbols, diagrams, or the like) is enabled by applying a 
display drive voltage to the electrode patterns 2 and 4, creating an electric field in the disperse 
system 7, and changing the distribution state of the electrophoretic particles 6 to allow the 
electrophoretic particles 6 to be adsorbed on the electrode patterns 2 and 4 or to be desorbed 
therefrom. 

When the sealed state of the disperse system 7 is maintained as a discontinuous phase by 
the sealing member 5 provided along the edge portion in the above-described manner, the 
nonuniformities in the electric field strength brought about by factors such as variations in the 
distance between the two electrode patterns 2 and 4 will cause the electrophoretic particles 6 to 
move parallel to the surface of the electrode patterns, and will create a bias in the concentration 
distribution .of the electrophoretic particles. The resulting drawback is that the concentration of 
electrophoretic particles becomes locally nonuniform and that display irregularities develop 
when such an electrophoretic display device is repeatedly used for a long time. 
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In view of this, structures in which a porous spacer 8 provided with numerous through- 
pores is used to seal a disperse system in the through-pores, and the disperse system 7 is thereby 
divided into a discontinuous phase among cells have been proposed as a means of overcoming 
such drawbacks, as shown in Fig. 4 (JP (Kokai) 49-32038, 59-34518, 59-171930, and the like). 

(Problems Which the Invention Is Intended to Solve) 

A substrate film disposed between two electrode plates is used in the above-described 
prior art, which relates to an electrophoretic display device with a divided disperse system, that 
is, to a device in which a disperse system is divided into a discontinuous phase among cells with 
the aid of a porous spacer. In such a device, there is a risk that the electrophoretic particles will 
be distributed unevenly because gaps are apt to be formed between the porous spacer and the 
electrode plates by film deformation or the like. In addition, configuring the two electrode plates 
from substrates in the form of glass plates makes it necessary to maintain a certain relationship 
between the planarity of the glass plates and the thickness distribution of the porous spacer, 
whereby gaps form between the porous spacer and the electrode plates in certain areas, and it 
becomes difficult to prevent the electrophoretic particles from being unevenly distributed in this 
structure as well. 

Cell structures can also be created by bonding the two electrode plates and the interposed 
porous spacer in advance, but it is extremely difficult to uniformly inject a disperse system into 
the pores of the porous spacer in such a system, and numerous other production difficulties are 
encountered when the disperse system is injected. In addition, there is still the risk that the 
disperse system will be incompletely injected in some areas and that display defects will 
develop, thus leaving many unresolved problems in terms of obtaining a highly reliable display 
device. 

(Means Used to Solve the Above-Mentioned Problems) 

The present invention provides an electrophoretic display device in which a disperse 
system is divided using a porous spacer, wherein this electrophoretic display device is configured 
such that the porous spacer is composed of an elastic member, and one of the electrode plates is 
composed of flexible material, making it possible to inject the disperse system into the pores of 
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the elastic porous spacer in a simple and reliable manner; and further provides a manufacturing 
method thereof. 

For this reason, the electrophoretic display device of the present invention is constructed 
by dividing and sealing, in the form of a discontinuous phase, a disperse system obtained by 
dispersing electrophoretic particles via a porous spacer between a set of oppositely disposed 
electrode plates at least one of which is transparent, wherein this electrophoretic display device is 
configured such that the porous spacer is composed of an elastic member, one of the electrode 
plates is rendered flexible and capable of being brought into close contact with the elastic porous 
spacer, the other electrode plate is formed from a transparent rigid body, and the flexible 
electrode plate is partially bent toward the through-pores of the elastic porous spacer to allow the 
disperse system in the elastic porous spacer to be kept at a negative pressure by the elasticity of 
the spacer. 

In the technique for manufacturing such an electrophoretic display device, a flexible 
electrode plate and a transparent rigid electrode plate obtained by forming the desired electrode 
pattern on one side of a film member and transparent glass plate, respectively, are first prepared; 
a disperse system containing dispersed electrophoretic particles is fed in excess to a flexible 
porous spacer disposed on the electrode pattern side of the rigid electrode plate; the flexible 
electrode plate is mounted on the elastic porous spacer such that the electrode pattern thereof 
faces the electrode pattern on the rigid electrode plate; pressure is applied to the top surface of 
the flexible electrode plate; the flexible electrode plate is brought into close contact with the 
elastic porous spacer in a state in which the elastic porous spacer is compressed to force out 
excess disperse system and to seal the disperse system in the pores of the porous spacer; and the 
sealed disperse system is kept in a state of negative pressure by the restoring force of the elastic 
porous spacer as such. 

Another appropriate technique for manufacturing such an electrophoretic display device 
is one in which an elastic porous spacer that can be formed from one of the following materials is 
monolithically formed in advance with the transparent rigid electrode plate: natural rubber, 
synthetic rubber (such as silicone rubber, urethane rubber, fluororubber, or acrylic rubber), and 
the like. 
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(Practical Examples) 

The present invention will now be described in further detail with reference to illustrated 
practical examples. In the first figure, 10 is a transparent glass plate that serves as a substrate for 
the transparent rigid electrode plate, with a desired electrode pattern 1 1 appropriately formed 
using tin/indium oxide or the like on the top surface thereof. An elastic porous spacer 12 for 
sealing the disperse system after dividing it among cells is mounted on the top surface of the 
rigid electrode plate. The porous spacer 12 can be obtained by a process in which a sheet 
material composed of natural rubber, synthetic rubber (such as silicone rubber, urethane rubber, 
fluororubber, or acrylic rubber), or the like is provided with a large number of through-pores 
using a punch, laser, or other means, and the punched sheet is integrated with the rigid electrode 
plate on the side on which the electrode pattern 1 1 is formed. Alternatively, a photosensitive 
resin can be applied to the electrode pattern 11, and through-pores can be formed in an arbitrary 
manner by etching or other chemical dissolution means. 

In preferred practice, a bonding and affixing portion 12A (shown by hatching) devoid of 
the through-pores 12B is formed along the peripheral edge of the elastic porous spacer 12 to 
match the below-described flexible electrode plate, in addition to the large number of through- 
pores 12B being formed in the above-described manner for the purpose of dividing and sealing 
the disperse system, as shown in Fig. 2. A flexible electrode plate composed of a film 
substrate 13 and provided with an electrode pattern 14 on the surface that faces the electrode 
pattern 1 1 is mounted on the top surface of the elastic porous spacer 12. 15 is a pressure member 
whereby the disperse system 7 is sealed in the pores 12B of the elastic porous spacer 12 
completely and without any voids by a process in which the disperse system 7 fed in excess to 
the pores 12B of the elastic porous spacer 12 is pressed from the top surface of the flexible 
electrode plate, and any excess of the disperse system 7 is forced out while the spacer 12 is 
compressed. At least one of gas, liquid, and solid can be appropriately used for the pressure 
member 15, and a steel roll is used in the example shown herein. 16 is an adhesive designed to 
fixedly bond constituent members to each other by the end portions thereof. 

To fabricate an electrophoretic display device of the type in which the disperse system is 
divided in this manner, an elastic porous spacer 12 such as the one shown in Fig. 2 is formed on 
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the electrode pattern 1 1 of a rigid electrode plate comprising a transparent glass plate 10 and the 
transparent electrode pattern 1 1 ; a disperse system 7 prepared in advance by dispersing titanium 
oxide or other electrophoretic particles in an appropriate liquid dispersion medium ideally suited 
to display purposes is fed in excess (in the required amount or greater) to the elastic porous 
spacer 12 to completely cover the spacer 12 with the disperse system 7; and a steel roll 15 that 
acts as a pressure member is mounted on the top surface of the flexible electrode plate in a state 
in which the flexible electrode plate is superposed on the elastic porous spacer 12 such that the 
electrode pattern 14 thereof faces the electrode pattern 1 1 of the rigid electrode plate. The 
flexible electrode plate is firmly pressed against, and kept in close contact with, the elastic 
porous spacer 12 as a result of the fact that the roll 15 gradually applies elastic force from one 
end portion of the flexible electrode plate. The excess disperse system that has been overfed to 
the elastic porous spacer 12 is thus forced out of the pores 12B of the spacer 12, and the disperse 
system 7 is sealed in the pores 12B in a state in which the elastic porous spacer 12 is compressed 
by the elastic pressure applied by the steel roll 15. In addition, fixedly bonding together the 
external peripheral edges of the rigid electrode plate, elastic porous spacer 12, and flexible 
electrode plate with the aid of an adhesive 16 allows the divided and sealed disperse system 7 to 
be kept in a state of negative pressure in the pores 12B of the spacer 12 by the restoring force of 
the elastic porous spacer 12, making it possible to facilitate and accelerate the process of 
completely sealing the divided disperse system without any voids. 

The elastic porous spacer 12 described herein can be appropriately formed by a method in 
which a large number of required through-pores is formed by punching, drilling, laser, 
processing, or another means in silicone rubber or another material fashioned into a sheet, and 
the thickness thereof is then adjusted by hot pressing or another means to a level equal to or less 
than the gap between the two electrode plates. The through-pores 12B of the spacer 12 may be 
shaped as circular, rectangular, polygonal, or any other pores besides angular, slitted, or the like, 
and may be arranged in a regular or irregular manner. The thickness of the elastic porous 
spacer 12 can be appropriately selected with consideration for the recovery properties of the 
member to be used (silicone rubber, urethane rubber, or the like), the composition of the disperse 
system, the gap between the electrode plates, and the like, and is commonly set between about 
20 j-im and 1 mm. 
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Various organic and inorganic pigments, dyes, ceramics, resins, and other fine powders 
or the like can be appropriately used in addition to the various known colloid particles as the 
electrophoretic particles of the disperse system 7. Various natural and synthetic oils and the like 
can also be arbitrarily used in addition to hydrocarbons, halogenated hydrocarbons, aromatic 
hydrocarbons, and the like for the dispersion medium of the disperse system 7. Dispersants, 
lubricants, stabilizers, and the like can be appropriately added as needed to the disperse system 7 
besides electrolytes, surfactants, metal soaps, and electric charge control agents composed of 
particulate resins, rubber materials, oils, varnishes, compounds, and the like. It is also possible 
to adequately adjust the viscosity of the dispersion medium, the adsorption of electrophoretic 
particles on the electrode patterns 1 1 and 14, and other parameters in addition to adopting means 
whereby the electric charge of the electrophoretic particles is made uniformly positive or 
negative, or the zeta potential thereof is enhanced. 

A working example entailed preparing a flexible electrode plate and a rigid electrode 
plate on which the desired transparent electrode patterns 1 1 and 14 were separately formed using 
tin/indium oxide on one surface of the film substrate 13 and transparent glass plate 10, and 
mounting a silicone rubber sheet having a large number of through-pore onto that side of the 
rigid electrode plate on which the electrode pattern 1 1 was formed to produce an elastic porous 
spacer 12 configured as shown in Fig. 2. 

Hexyl benzene (100 cc) was prepared as the dispersion medium of the disperse system 7, 
1 g of a dark blue dye composed of Oil Blue BA and 0.5 g of a surfactant composed of Silvan 
S83 were dissolved therein, and titanium oxide (5 g) was dispersed as electrophoretic particles in 
the solution, yielding a disperse system 7. The disperse system 7 was poured in excess onto the 
elastic porous spacer 12 to prevent any air from remaining, and the spacer was completely 
covered. The flexible electrode plate was subsequently mounted on the elastic porous spacer 12 
in the manner shown in Fig. 1, and pressure was gradually applied from one end to the surface 
side of the flexible electrode plate with the aid of a steel roll 15, whereby any excess of the 
disperse system 7 was forced out while the flexible electrode plate was brought into close contact 
with the elastic porous spacer 12, and the disperse system was completely sealed in the through- 
pores 12B of the spacer 12 while the spacer was kept in a compressed state, whereupon clamping 
was accomplished along the peripheral edges of the flexible electrode plate in close contact with 



8 



the spacer 12. Finally, an epoxy adhesive 16 was used to fixedly bond together the. end portions 
of structural members that included the two electrode plates and the. elastic porous spacer 12 in 
the clamping portions, yielding an electrophoretic display device in which the disperse system 7 
was divided among cells and sealed in a state of negative pressure (Fig. 1). 

A dc voltage of 70 V was repeatedly applied between the electrode plates of the 
electrophoretic display device, and switching tests were performed, but the electrophoretic 
particles were observed to be free from bias, and highly contrast display operations could be 
performed even after 10, 000,000 switching cycles. 

(Merits of the Invention) 

The electrophoretic display device pertaining to the present invention is constructed by 
sealing a disperse system after dividing it as a discontinuous phase among cells with the aid of a 
porous spacer, wherein this electrophoretic display device is configured such that the porous 
spacer is composed of an elastic material, so when the display device is manufactured, a flexible 
electrode plate is mounted on the elastic porous spacer supplied with an excess amount of the 
disperse system, and pressure is gradually applied in this state to the flexible electrode plate, 
whereby any excess of the disperse system is forced out while the flexible electrode plate is kept 
in close contact with the elastic porous spacer, and the disperse system is sealed completely and 
readily in the through-pores of the elastic porous spacer without any remaining voids while the 
spacer is kept in a compressed state. 

The disperse system sealed in the through-pores can be kept sealed by the restoring force 
of the elastic porous spacer in a state of negative pressure. 

This type of electrophoretic display device has a simple structure and is ideally suited to 
the complete sealing of a disperse system in the through-pores of an elastic porous spacer. 

It is thus possible to provide an excellent electrophoretic display device that is obtained 
by dividing the disperse system, is free from display defects, and has high contrast and display 
reliability. 



9 



4. Brief Description of the Drawings 

Fig. 1 is a diagram depicting an electrophoretic display device of the type in which the 
disperse system is divided and in which a flexible electrode plate and an elastic porous spacer on 
a transparent rigid electrode plate are provided in accordance with a practical example of the 
present invention such that the disperse system is fed in excess to the elastic porous spacer, the 
flexible electrode plate is mounted, and the disperse system is sealed under the application of 
pressure to the flexible electrode plate as a technique for sealing the disperse system in the pores 
of the elastic porous spacer; 

Fig. 2 is a structural diagram in the form of a fragmentary enlarged plan view 
schematically depicting an elastic porous spacer provided with a bonding and affixing portion on 
the side on which an electrode pattern is formed on the transparent rigid electrode plate in 
accordance with the method of the present invention; 

Fig. 3 is a structural diagram in the form of a cross-sectional view schematically 
depicting an electrophoretic display device of the type in which the disperse system is a 
continuous phase configured in a conventional manner without the use of a porous spacer; and 

Fig. 4 is a structural diagram in the form of a schematic cross-sectional view that depicts 
a conventionally configured electrophoretic display device of the type in which the disperse 
system is divided through the use of a porous spacer, and that illustrates the problems 
encountered when the disperse system is injected. 
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